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Abstract: Glabridin is a flavonoid compound characterized by diverse biological properties, such as anti-inflammatory,
antioxidant, antitumor, and antibacterial activities. This study aimed to investigate the antiviral potential of Glabridin against
influenza A virus (IAV), specifically focusing on the HIN1 strain. The qRT-PCR, Western blot analysis, and plaque assays
were employed to evaluate the in vitro antiviral effects of Glabridin on HIN1. Furthermore, network pharmacology and

molecular docking analyses were employed to predict the mechanisms underlying Glabridin antiviral action against [AV.

r#5 HHA: 2025-01-07; &= HEA: 2025-01-25,

EETWE: FXRARPIIEEETH (82160313); 14 [ SARF2A 5410 H (2020GXNSFDA297027); | P A K 2= A Il
AL I H (202410601058) .

YEE BT : PREREIT, B0 A: .

SEEIEE: X, 2%, FENF T 2W FEi B B 5T, E-mail: hbliu@glme.edu.cn;
i, KA FIN, 22 WA 57, E-mail: 222022506@glme.edu.cn.,



122 G R O 7/ = S

The results revealed that Glabridin inhibited HIN1 virus replication in a concentration-dependent manner and exhibited
significant antiviral activity (< 0.05). Pharm Mapper, Swiss Target Prediction database and Genecards database were further
utilized to screen the intersection targets of Glabridin on IAV infection, and 161 overlapping targets were finally selected. R
software version 4.3.1 was used to perform gene ontology (GO) enrichment and Kyoto encyclopedia of genes and genomes
(KEGG) enrichment analyses on these 161 overlapping targets. The results indicated that the overlapping targets were
primarily implicated in processes such as the positive regulation of protein tyrosine kinase activity, the MAPK cascade, and
the modulation of inflammatory responses. Moreover, these targets were enriched in various signaling pathways, including
Kaposi’ s sarcoma-associated herpesvirus infection and the Rap1 signaling pathway. Venny software and String database
were employed to construct the protein-protein interaction (PPI) network of the above-mentioned 161 overlapping targets,
and a total of 10 potential core target proteins including SRC, EGFR, ESR1 were screened out. And the binding energies of
Glabridin to all potential core targets were lower than —5.00 kcal/mol, indicating a high binding affinity. The results of this study
indicated that Glabridin exhibits significant in vitro antiviral activity against the HIN1 virus, and its mechanism of action has

the characteristics of multi-target, multi-pathway and multi-link regulation, which provides a reference for the elucidation of
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important functional proteins and the action mechanism of Glabridin against [AV.
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JIi 92 4 BEL A549 W 17 350 F = 0 8 AR 2R 5 R 4
MDCK 1§ { | rh RF 4 i 22 ; TR HINT 3 B4
7 [ A/WSN/33 (HINT) | i) N EERF A% 4222
HRE 1
1.2 EFERFIRINEE

JI 2F 1ML 75 WA ExCell Bio 28 7] ; — F 3L 7 A1
(dimethyl sulfoxide DMSO) Iy { F i Fl 4 T 4= 1k
Bz B0y A7 RN 715 CCK-8 4 it 3 g it 751 & 0 A
UElandy 78 ) 5 RNA GR35 & 6 5 Foregene 24
H); ReverTra Ace qPCR RT Kit 5] & Fll 2x SYBR
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1.4 CCK-8iRIa# il H EEXT A549 4RRa A KK
A

W5 A549 4 LLEEAL 1 x 10* /S20 i fit 235 B 4 o
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Tab.1 Primer sequence information

Gene Primer sequence

NP F: 5'-TGCTTCAAAACAGCCAAGTG-3’
R: 5'-GATGCCCTCTGTTGATTGGT-3'
GAPDH F: 5'-AGGGCAATGCCAGCCCCAGCG-3’

R: 5'-AGGCGTCGGAGGGCCCCCTC-3'
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g value<0.01 YE NI s 45 R BA Geit 7 & 1k
PIARIE, JHAR3E P A g (B INBIR AR, 72T 1S
21 GO & H 45 R rh i vk AT 10 4% B 2 il o
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TAV AHCHE 5 B 3R 354 AN H e 5 2 761
A TAV BB ST 28 3, HE3RA5 161 S8R AT, X
SERE SO RO H R E IR YT TAV By W 7R A
(K 4).
2.5 GOFMKEGGCE&EHNTER
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Fig. 1 CCK-8 assay to detect the effect of different concentrations of Glabridin on the viability of A549 cells
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Fig. 3 Inhibitory effect of Glabridin on HIN1 replication by plaque assay
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(a) The inhibition of HIN1 viral plaque formation by Glabridin; (b) The statistical analysis of plaque area. Compared with virus group, "P<0.01.
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Fig. 4 The Venn diagram of cross-targets of Glabridin and IAV

TP L W) R 1T MAPK I s v 1) 1 1] R4 L R
i S5 AT 15 LA R 240 B R A B 4 45 5 ZE A
53 (cell component, CC) H b R A | AR ARial A At
FhBRAE ;s 7693 F PI6E (molecular function, MF ) H1#h
R AR 85 AR I S R UK TG R ) I R U e T
PEFN 22 Z R R IR IS 55 ([815) . KEGG & 450 Hr
G5 3R W, Top20 {553 #% rh = ZEAL 4% K ik 74 (R R
AT BB . Rap 1 157 538 % | gig i | 14
P TR 5530 % . 943 AR Fox O 1553 i LA I
AGE-RAGE {55l %55 (18 6), RIDGH #E il fig
) 20 2 MR R BT TAV PR .

2.6 PPIMLE IR

FIH Cytoscape 3.9.1 #f4:%F 2.4 Frik iy 161 4~
AL ST PPL N 4% (I A 3, 25 RN [&] 7a B
AL 88 T S 228 &kl E—AE R
Cytoscape 1 CytoHubba {4 #47#Fh 2250 #7, i
AT S Degree {H, #i5E T HEAHT 10
O SR, KUK IGFIR , HSP9OAAT, MAPKS
HRAS.EGFR. SRC.PTPNI11. PIK3R1, PIK3CD,
ESR1. 7F PPIMIZE I iR 10 ML O S &,
PR AZ O S5 2R 114 PPL 2% 8] (8] 7b), 45 4R,
ICREER [ TR H RO FEPL AV o F rp & 4 G



WRERAT S - SUH RE L BB T 72

127

Positive regulation of kinase activity -

Muscle cell proliferation -

Positive regulation of MAPK cascade 4

Wound healing -

Regulation of inflammatory response -

Positive regulation of cytokine production -
Regulation of smooth muscle cell proliferation
Smooth muscle cell proliferation

Positive regulation of protein kinase activity 4
Regulation of protein serine/threonine kinase activity -

Vesicle lumen 4

Cytoplasmic vesicle lumen -
Ficolin-1-rich granule lumen -
Ficolin-1-rich granule
Secretory granule lumen 4
Membrane raft -

Membrane microdomain -
Caveola-

Focal adhesion
Cell-substrate junction

Protein tyrosine kinase activity -

Endopeptidase activity -

Serine-type endopeptidase activity -

Serine-type peptidase activity -

Serine hydrolase activity -

Non-membrane spanning protein tyrosine kinase activity
Phosphatase binding -

Phospholipase activator activity

Lipase activator activity 4

Carboxylic acid binding -

=%

—_
(=}

35
(=}

Count

5 REESHGOEENITE

Fig. 5 GO enrichment analysis diagram of cross-targets
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Fig. 7 Identification of core targets from the PPI network
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Fig. 8 Chemical structure of glabridin
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